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Abstract
Aim: The aim is to assess the impact of LX16 and DENLASE lasers on the increase in temperature on the external surface of root 
canals. 

Materials and Methods: The selected sixty single-rooted extracted teeth were chemomechanically prepared. The specimens were 
then irradiated using LX16 and DENLASE lasers at power settings of 1.15, 1.45, and 1.85W, and two application times of 20 and 60 
seconds, in continuous wave (CW) mode. The specimens were divided into two main groups: Group A, which received LX16 laser 
irradiation, and Group B, which received DENLASE laser irradiation. Each group was further subdivided into subgroups based on 
the irradiation power level and application time. The peak temperatures at the middle and apical regions of the root surface were 
measured using a thermocouple and a digital thermometer.

Results: The results showed that the temperature rise on the root surface, at all the tested output powers, was below 7°C. The highest 
temperature value was observed in the apical region when the root canal was irradiated for 60 seconds at an output power of 1.85W.

Conclusion: Based on these findings, it is concluded that, within the limitations of the in vitro experiment, LX16 and DENLASE lasers 
with wavelengths of 976 and 810 nm, respectively, can be safely used for endodontic purposes using the studied parameters of 1.15, 
1.45, and 1.85W power levels and application times.
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Introduction 
Effective endodontic therapy is crucial for preserving nonvi-

tal teeth in the long term. However, conventional root canal pro-
cedures have limitations in effectively eliminating bacteria from 
dentinal tubules, as irrigation solutions can only penetrate a lim-
ited depth due to their surface tension [1]. This necessitates ad-
ditional cleaning procedures to improve the success rates of root 
canal treatments [2]. Laser systems, which emit nonionizing light 
with high energy concentration, have been studied as a therapeu-
tic tool in endodontics [3]. Lasers are used in endodontics, spe-
cifically in root canal procedures, to address potential issues such 
as pain, vital pulp remnants, rest pulpitis, and bleeding [5]. Diode 
lasers, which emit light in the visible (mainly 660 nm) and infra-
red (810 to 980 nm) ranges of the electromagnetic spectrum, are 
commonly used for root canal disinfection [6]. These lasers are ac-
cessible in many dental clinics, affordable, and have experienced 
rapid technological advancement [7]. Based on a thorough investi-
gation, it was found that utilizing a diode laser in conjunction with 
sodium hypochlorite and/or oxygenated water produced positive 
outcomes [8].

The thermal impact of lasers on teeth is a subject of investiga-
tion in the current study mentioned. Factors such as laser wave-
length, power level, and pulse repetition rate can concentrate laser 
light and potentially result in thermal damages. The extent of ther-
mal damage is largely controlled by the photo-absorptive charac-
teristics of the tissue being exposed to the laser [4].

The aim of the investigation is likely to assess the potential 
thermal effects of using lasers in endodontics and to determine 
their role in root canal procedures [9]. This research may pro-
vide insights into the safe and effective use of lasers for disinfec-
tion and treatment purposes in endodontics. The thermal effects 
of laser irradiation on the external root surface are a concern, as 
they can result in temperature increases that may cause damage to 
the surrounding tissues, including the cementum layer, periodon-
tal ligament fibers, alveolar bone, and induce pain. The severity 
of these effects depends on the amount of heat produced and the 
duration of exposure. It is crucial to consider the thermal effects 
of laser root canal irradiation, as excessive temperature increases 
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can have harmful consequences. While periodontal tissue can with-
stand temperature increases of up to 10°C above body temperature 
for less than a minute, temperatures exceeding 60°C can obstruct 
blood flow and lead to bone necrosis.

LX16 LASER (650nm, 976 nm) is a high-power dental diode la-
ser used in endodontic sterilization, dental soft tissue surgery, peri-
odontal sterilization, peri-implantitis, low-intensity laser therapy, 
oral ulcer treatment, and teeth whitening [10].

DENLASE LASER (810nm) is a diode laser-based surgical device 
designed for minimally invasive soft tissue procedures, providing 
control over the depth and width of target areas through a flexible 
optical fiber [11].

The conversion of light energy into heat energy during laser 
contact with dentinal structures can lead to temperature increas-
es in the external root surface and surrounding tissues. Concerns 
about the thermal effects include damage to the cementum layer, 
which can result in root reabsorption, necrosis of periodontal liga-
ment fibers, alveolar bone necrosis, and pain. The severity of these 
effects depends on the amount of heat produced and the duration 
of exposure [3]. Thermal effects are crucial considerations in laser 
root canal irradiation, as excessive temperature increases can have 
detrimental effects on the surrounding tissues. While periodontal 
tissue can tolerate temperature increases of up to 10°C above body 
temperature for less than a minute, temperatures exceeding 60°C 
can obstruct blood flow and lead to bone necrosis [6].

Materials and Methodology
The materials and methodology of the study involved the follow-

ing steps:

•	 Tooth Selection and Preparation: Sixty extracted single-
rooted teeth were selected and cleaned to remove surface de-
bris and residues. The teeth were decoronated using a dia-
mond sectioning disc (Drendel, Zweiling Diamant gmbh in 
Berlin, Germany) for standardization to a length of 15 mm 
from the apex at the cementoenamel junction (CEJ). Patency 
was confirmed using a No. 15 K-type file (Dentsply-Maille-
fer, Ballaigues, Switzerland), and pulp tissue was removed 
with a barbed broach (Dentsply-Maillefer). After calculat-
ing the working length and subtracting 1 mm from the ca-
nal length, all of the roots were sterilized for 15 minutes 
at 121 °C in an autoclave. SuperEndo Blue Files were used 
for shaping the root. Expanding the coronal third with B 
Safe (Size 17/100, 0.08taper) rotary file. The glide path 
was achieved till working length using B Path (Size19/100, 
0.02taper) rotary file, and the working length was reached 
after the final preparation with B1(Size20/100, 0.04taper), 
B2(Size25/100, 0.04taper), B3(Size25/100, 0.06taper), and 
B4(Size35/100, 0.04taper) rotary files. In the given informa-

tion, during the root canal procedure, a 1 ml irrigation solu-
tion containing 3% sodium hypochlorite (NaOCl) was used 
between each instrument change. Sodium hypochlorite is 
a commonly used irrigant in endodontics due to its antimi-
crobial properties. After the irrigation with NaOCl, a final ir-
rigation was performed using 10 ml of saline water. Saline 
water is used to rinse the canals and remove any remaining 
traces of the sodium hypochlorite solution. Once the irriga-
tion process was completed, paper points were used to dry 
the canals. Paper points are small absorbent cones made of 
paper or similar material, which are used to remove excess 
moisture from the root canal system.

•	 Test Apparatus: The roots were fixed in self-curing acrylic 
resin blocks. Two holes, 1 mm in diameter, were drilled in the 
test device at 2 mm (apical third) and 5 mm (middle third) 
from the apex to accommodate the thermocouple wire.

•	 Grouping and Subgrouping: The specimens were divided 
into two main groups: Group A (LX16 LASER) and Group B 
(DENLASE LASER). Each group was further divided into sub-
groups based on the irradiation power level. The subgroups 
were as follows: A1 (1.15 W), A2 (1.45 W), A3 (1.85 W) for 
Group A, and B1 (1.15 W), B2 (1.45 W), B3 (1.85 W) for 
Group B.

•	 Laser Irradiation: Before laser irradiation, each root canal 
was filled with 1 ml of distilled water. The continuous wave 
method was used to irradiate the canals, with a 200µm flex-
ible fiber optic tip inserted 1 mm from the apex. The laser 
was irradiated from the apical foramen to the canal access in 
a circular motion at a speed of 2 mm/s. Each root canal was 
irradiated three times with a ten-second break between each 
cycle for each power level.

•	 Temperature Measurement: The temperature at the mid-
dle and apical regions of the root surface was measured us-
ing a digital thermometer at two time intervals: 20 seconds 
and 60 seconds.

Statistical analysis
The data were analyzed using the One-way ANOVA F test fol-

lowed by Tukey’s post hoc test for pairwise comparisons. An un-
paired t-test was used to compare the rise in temperature between 
the middle third and apical third of the root surface between Group 
A (LX16 LASER) and Group B (DENLASE LASER), irrespective of 
power levels and times.

Results
The results of the study comparing Group A (LX16 LASER) and 

Group B (DENLASE LASER) on the rise of temperature on the ex-
ternal root surface of the root canal of permanent teeth between 
the middle third and apical third showed a significant difference in 
temperature between the middle and apical third in both groups A 
and B. This comparison was done using an unpaired t-test at a sig-
nificance level of P≤ 0.05. The specific values and statistical details 
can be found in Table 1 and Figure 1.
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Figure 1

saIn degree celcius Middle Mean (SD) Apical Mean (SD) Unpaired t-test P value, Significance
Group A (LX16) 2.77 (0.9) 3.33 (0.91) t = -1.858 p = 0.072

Group B (Denlase) 2.67 (0.9) 3.32 (0.98) t = -2.066 p = 0.046*
Table 1: Comparative statistics in Group A (LX16) and Group B (Denlase) on the rise of temperature on the external root surface of the 

root canal of permanent teeth between the middle third and apical third irrespective of power and time using unpaired t-test.

P > 0.05 – no statistically significant difference *p < 0.05 – significant difference.

Another comparison was made among different power levels 
(watts) within Group A and Group B, regardless of location and 
time. This comparison used a One-way ANOVA F test followed by 
Tukey’s post hoc test for pairwise comparisons, with a significance 
level of P≤ 0.05. The results showed a significant difference in tem-
perature between the output power levels of 1.15W, 1.45W, and 
1.85W in both groups A and B. However, there was no significant 
difference observed in temperature between the power levels of 
1.15W and 1.45W in Group A. Additionally, there was a significant 
difference between the power level of 1.15W and 1.85W in both 
groups A and B. In Group B, there was a significant difference be-
tween the power levels of 1.45W and 1.85W, while no significant 
difference was observed in temperature between these two power 
levels in Group A. The specific values and statistical details can be 
found in Table 2 and Figure 1.

Furthermore, a comparison was made among different appli-
cation times within Group A and Group B, irrespective of location 
and power. This comparison was done using an unpaired t-test at a 
significance level of P≤ 0.05. The results showed a significant differ-
ence in temperature between the application times of 20 seconds 
and 60 seconds in both groups A and B. The specific values and sta-
tistical details can be found in Table 3 and Figure 1.

Overall, the study revealed significant differences in tempera-
ture based on location (middle third vs. apical third), power levels 
(1.15W, 1.45W, and 1.85W), and application times (20 seconds and 
60 seconds) within the two laser groups (Group A and Group B).

In degree celcius Group A (LX16) Group B (Denlase)

1.15 2.64 (0.93) 2.56 (0.99)
1.45 2.85 (0.82) 2.76 (0.82)
1.85 3.67 (0.77) 3.66 (0.82)

One way Anova F test value F = 4.899 F = 5.267

P value, Significance p = 0.014* p = 0.01*
1.15 W vs 1.45 W^ p = 0.822 p = 0.845
1.15W vs 1.85 W^ p = 0.015* p = 0.012*
1.45 W vs 1.85 W^ p = 0.061 p = 0.046*

Table 2: Comparative statistics of different power (watts) of 
Group A (LX16) and Group B (Denlase) on the rise of temperature 
on the external root surface of the root canal of permanent teeth ir-

respective of location and time using One-way Anova F test followed 
by Tukey’s post hoc test for pairwise comparison.

P > 0.05 – no statistically significant difference.

*p < 0.05 – significant difference ^ p-value (pairwise) calculated 
using Tukey’s post hoc test.

Discussion
In recent years, lasers have been extensively utilized to achieve 

highly effective disinfection in infected root canals. A study con-
ducted by Beer., et al. demonstrated the remarkable capability 
of the 810-nm diode laser in reducing bacteria by an impressive 
98.8%. This finding establishes the 810-nm diode laser as an ad-
vanced and innovative tool in the field of endodontics [1]. Thermal 
changes can occur during the disinfection of root canals using la-
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In degree celcius 20 seconds   Mean (SD) 60 seconds Mean (SD) Unpaired t-test P value, Significance
Group A (LX16) 2.33 (0.74) 3.52 (0.28) t = -3.759 p = 0.001*

Group B (Denlase) 2.25 (0.77) 3.46 (0.45) t = -3.623 p = 0.002*
Table 3: Comparative statistics of different application times of Group A (LX16) and Group B (Denlase) on the rise of temperature on the 

external root surface of the root canal of permanent teeth irrespective of location and power using unpaired t-test.

*p < 0.05 – a significant difference.

sers due to various parameters involved in the process. These pa-
rameters include the wavelength of the laser, the duration of laser 
exposure, the power or strength of the laser, and the method of ir-
radiation. Each of these factors can contribute to the generation of 
heat, leading to thermal effects within the treated area. Controlling 
and adjusting these parameters is crucial to ensure that the temper-
ature remains within safe limits and prevents any potential harm to 
the surrounding tissues during laser disinfection [12].

The wavelengths of 976 nm and 810 nm have been widely used 
in dental procedures. These particular wavelengths are commonly 
employed in various dental applications [13].

The LX16 and DENLASE lasers were selected for this study 
based on their lower absorption rate in water and hydroxyapatite, 
which allows for a higher penetration rate of laser irradiation. This 
characteristic is crucial in achieving a more profound effect of laser 
treatment on dental tissues [14].

Due to its low absorption, laser radiation has the ability to pass 
through dentin and undergo processes such as transmission, scat-
tering, and propagation. However, it is important to note that when 
laser light is absorbed in the deeper layers [15], it can generate heat 
and trigger photothermal reactions that may cause injury to the 
periodontal tissue [6]. Care must be taken to regulate laser param-
eters and ensure appropriate cooling measures to minimize the risk 
of thermal damage to the surrounding tissues during dental proce-
dures.

Several studies have reported that an increase in temperature of 
10°C above body temperature for a duration of 1 minute can lead 
to irreversible damage to periodontal tissues and the alveolar bone 
[12]. Considering this critical threshold, the present study aimed to 
analyze the temperature changes resulting from the application of 
976 nm and 810 nm diode lasers in root canals. By evaluating the 
temperature increases caused by these specific wavelengths, the 
study aimed to assess the potential thermal impact of these lasers 
on the surrounding tissues during the root canal procedure.

In an in vitro investigation conducted by Shehab., et al. it was de-
termined that the use of output powers of 1.05, 1.5, and 1.95 W had 
a significant impact on effectively eliminating pathogens. The study 
concluded that the disinfection achieved by employing the 810-nm 

diode laser was desirable. This finding highlights the influence of 
the irradiation method on the speed and effectiveness of disinfec-
tion in the context of the study [16].

Several studies have utilized different techniques to simulate 
the conditions of the oral cavity in research settings. One example 
is the work conducted by Strakas., et al. where the teeth were im-
mersed in a bath of hot water heated to 37°C to replicate the tem-
perature of the oral cavity. This method aimed to create an envi-
ronment similar to the oral cavity for conducting experiments or 
investigations related to dental procedures or treatments [17].

In contrast to the approach taken by Strakas., et al. researchers 
such as Alfredo., et al. and Gutknecht., et al. expressed concerns re-
garding the use of a water bath for simulating the oral cavity. They 
believed that this method was inappropriate as it allowed for the 
flow of water, leading to excessive cooling of the oral cavity. Their 
perspective highlights the need for careful consideration of simu-
lation techniques to ensure a more accurate representation of the 
oral environment during experimental studies.

In contrast to the approach taken by Strakas., et al. researchers 
such as Alfredo., et al. [3] and Gutknecht., et al. expressed concerns 
regarding the use of a water bath for simulating the oral cavity. 
They believed that this method was inappropriate as it allowed 
for the flow of water, leading to excessive cooling of the oral cav-
ity. Their perspective highlights the need for careful consideration 
of simulation techniques to ensure a more accurate representation 
of the oral environment during experimental studies [12]. In a re-
cent study, the root canal was deliberately kept completely dry to 
investigate the impact of laser power and duration on temperature 
increases [18].

When it comes to temperature increases over the root surface, 
it is important to consider their potential harm to the surrounding 
periodontium. The widely accepted threshold for bone is consid-
ered to be a temperature increase of 47°C sustained for 1 minute. 
This indicates that a temperature increase of approximately 10°C 
during a minute is generally well-tolerated [17,19].

However, the crucial threshold for the periodontium differs 
slightly. For the periodontium, a temperature increase of 11°C sus-
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tained for 5 minutes or 13°C sustained for 1 minute is considered 
to be the critical threshold beyond which damage may occur. This 
suggests that the periodontium is more sensitive to temperature 
changes compared to the bone [19,20].

In the study conducted, two lasers, LX16 and DENLASE, were 
used at different power levels to assess their temperature effects in 
different areas of the root canal. 

When the LX16 laser was used at power levels of 1.15, 1.45, 
and 1.85 watts, the highest temperature rise observed at the api-
cal area was 3.26°C, 3.84°C, and 4.31°C, respectively. On the other 
hand, when the DENLASE laser was used at the same power levels, 
the highest temperature rise was measured as 3.87°C, 3.77°C, and 
4.41°C.

In the middle third of the root canal, using the LX16 laser at 
power levels of 1.15, 1.45, and 1.85 watts resulted in temperature 
increases of 3.26°C, 3.34°C, and 4.12°C, respectively. Similarly, when 
the DENLASE laser was used at the same power levels, temperature 
rises of 3.05°C, 3.21°C, and 4.08°C were observed.

It is worth noting that all temperature increases recorded in the 
test groups remained below the critical thresholds of 11°C for 5 
minutes and 13°C for 1 minute. Therefore, from a thermal stand-
point, the temperature rises observed during the study were con-
sidered safe and did not exceed the critical thresholds for potential 
damage.

In contrast to the findings of Seraj., et al. who reported a temper-
ature rise of over 7°C with 810-nm diode laser irradiation in con-
tinuous mode at 1.5W, our investigation yielded different results. In 
our study, the mean temperature rise at the apical third of the teeth 
was measured as 4.41°C at the highest output power of 1.8W for a 
duration of 60 seconds. These results indicate that our investiga-
tion observed a lower temperature increase compared to the previ-
ous study by Seraj., et al. [20].

Indeed, according to De Costa Ribeiro., et al. the intervals be-
tween irradiation cycles play a crucial role in allowing heat to dis-
sipate and tissues to cool, thus preventing excessive temperature 
rises. In their study, an interval of 10 seconds was chosen between 
each irradiation cycle, and each canal was exposed to radiation four 
times. This chosen interval allows for thermal relaxation and en-
sures that the overall impact of temperature rise remains within 
safe limits. The breaks between irradiations enable sufficient time 
for heat to dissipate, tissue to cool, and minimize the risk of exceed-
ing the safety temperature threshold [6].

The study’s findings indicate that the apical portion of the tooth’s 
root surface tends to have higher temperatures, especially at 1.85 

W/20 s, compared to the middle region. This temperature disparity 
may be attributed to variations in the thickness of the dentinal root. 
These results align with previous studies conducted by Gutknecht., 
et al. [6] and Hmud., et al. which also demonstrated that tempera-
ture levels in the apical region increase when the residual dentine 
thickness of the root canal wall is relatively thinner compared to 
the central region during laser irradiation [22]. However, when the 
experiment was extended to a longer duration (60 s) in this study, 
different results were observed. There was no significant variation 
in temperature between the middle and apical regions at 1.15 W 
and 1.85 W. This suggests that the thickness of the root dentine 
does not play a substantial role in the temperature rises reaching 
the external root surface when higher laser power and longer ex-
posure times are used.

Furthermore, our study revealed that the middle section of the 
root demonstrated similar temperature responses to both the LX16 
and DENLASE lasers at output powers of 1.15 W and 1.45 W. At an 
exposure time of 60 seconds, there was no significant difference in 
temperature rise among the output powers of 1.15 W, 1.45 W, and 
1.85 W at the apical area for both the LX16 and DENLASE lasers. 
This observation could be attributed to the diminishing thickness 
or tapering of the root at the apex, making it more sensitive to tem-
perature fluctuations compared to other measurement points in 
this study.

According to our findings, the middle third and apical third of 
the root exhibited greater temperature increases at exposure times 
of 60 seconds compared to 20 seconds for both the LX16 and DEN-
LASE lasers. The temperature increase was influenced by the re-
maining dentin thickness as well as the intensity and duration of 
the laser radiation [12].

In this investigation, the maximum temperature recorded did 
not exceed 10°C when utilizing thermocouples in conjunction with 
continuous-wave LX16 and DENLASE diode lasers. The chosen 
power levels (1.15, 1.45, and 1.85 W) and durations (20 and 60 s) 
were deemed safe, especially when considering the cooling effects 
of the body. The presence of blood circulation and the surrounding 
tissues around the teeth, which have lower thermal conductivity 
compared to air, further contribute to the safety of laser treatments 
in the oral cavity. This enhanced cooling effect allows thermal ener-
gy to dissipate more rapidly, ensuring an even higher level of safety 
around the tooth during laser procedures [23].

Conclusion
Within the limitations of the in vitro experiment, both the LX16 

and DENLASE lasers at the studied parameters and application 
methods can be safely used in endodontic procedures. The tem-
perature increases remained below the protection limit for peri-
odontal tissues, especially when considering the cooling effect of 
the body and the surrounding tissues in the oral cavity.
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It’s important to note that this conclusion is specific to the con-
ditions and parameters of the study. Further research and clinical 
trials may be necessary to validate these findings and evaluate the 
long-term effects of laser irradiation in endodontics.

Bibliography

1. Beer F., et al. “Comparison of two diode lasers on bactericidity 
in root canals--an in vitro study”. Lasers Medical Science 27.2 
(2012): 361-364.

2. Abbas HT., et al. “Thermal Effects of Laser Assisted Endodontic 
Treatment on The External Root Surface of Deciduous Teeth 
(in vitro study)”. Medical Legal Update 20.1 (2020).

3. Alfredo E., et al. “Temperature variation at the external root 
surface during 980-nm diode laser irradiation in the root ca-
nal”. Journal of Dentistry 36.7 (2008): 529-534. 

4. Verma A., et al. “Evaluation of temperature rise on the external 
root surface during the application of laser in root canals: An in 
vitro study”. Saudi Endodontics Journal 10.1 (2020): 28.

5. Uzunov T., et al. “Thermal changes in the hard dental tissue at 
diode laser root canal treatment”. Acta Medica Bulgarica 41.2 
(2014): 31-35.

6. da Costa Ribeiro A., et al. “Effects of diode laser (810 nm) irra-
diation on root canal walls: thermographic and morphological 
studies”. Journal of Endodontics 33.3 (2007): 252-255.

7. OGe A. “Lasers in Endodontics: Scientific background and clini-
cal applications”. Cham: Springer (2016).

8. Asnaashari M and N Safavi. “Disinfection of Contaminated Ca-
nals by Different Laser Wavelengths, while Performing Root Ca-
nal Therapy”. Journal of Lasers in Medical Sciences 4.1 (2013): 
8-16.

9. Sood N and JPS Malhotra. “Evaluation of antimicrobial effi-
cacy of diode lasers - An in vitro study”. International Journal 
of Research in Health and Allied Sciences 5.1 (2019): 111-113.

10. https://www.dentsupply.eu/products/woodpecker-laser-
lx16

11. https://www.indiamart.com/proddetail/denlase-diode-la-
ser-22247418597.html

12. Gutknecht N., et al. “Temperature evolution on human teeth 
root surface after diode laser assisted endodontic treatment”. 
Lasers in Medical Sciences 20 (2005): 99-103.

13. Tirumalasetty SSMK., et al. “Applications of diode lasers in pe-
riodontics: A case series”. Annals of Medical and Health Sciences 
Research 9 (2019): 426-429.

14. Umana M., et al. “Dentinal tubules sealing by means of diode 
lasers (810 and 980 nm): A preliminary in vitro study”. Photo-
medicine and Laser Surgery 31 (2013): 307-14.

15. Parker S. “Verifiable CPD paper: Laser-tissue interaction”. Brit-
ish Dental Journal 202 (2007): 73-81.

16. Shehab NF., et al. “Evaluation of antibacterial efficacy of elexxi-
on diode laser 810nm on the infected root canals (in vitro and 
in vivo study)”. International Journal Dental and Medical Scien-
ces Research 1 (2013): 23-27.

17. Strakas D., et al. “A comparative study of temperature eleva-
tion on human teeth root surfaces during Nd:YAG laser irra-
diation in root canals”. Lasers in Medical Sciences 28 (2013): 
1441-1444.

18. Kreisler M., et al. “Effect of diode laser irradiation on root sur-
faces in vitro”. Journal of Clinical Laser Medicine and Surgery 20 
(2002): 63-69.

19. Eriksson JH and Sundström F. “Temperature rise during root 
canal preparation – A possible cause of damage to tooth and 
periodontal tissue”. Swedish Dental Journal 8 (1984): 217223.

20. Eriksson AR and Albrektsson T. “Temperature threshold levels 
for heatinduced bone tissue injury: A vitalmicroscopic study in 
the rabbit”. Journal of Prosthetic Dentistry 50 (1983): 101107.

21. Seraj B., et al. “Thermal changes in root surface of primary 
teeth during root canal treatment with diode lasers: An in vitro 
study”. Journal of Lasers in Medical Sciences 9 (2018): 237-242.

22. Hmud R., et al. “Temperature changes accompanying near in-
frared diode laser endodontic treatment of wet canals”. Journal 
of Endodontics 36 (2010): 908-911.

23. Al Zand A., et al. “Temperature elevation investigations on 
the external root surface during irradiation with 940 nm di-
ode laser in root canal treatment”. Saudi Endodontics Journal 8 
(2018): 14-18.

Citation: Nishchita BL., et al. “The Effect of Two Lasers, Lx16, and Denlase on the Rise of Temperature on the External Root Surface of the Root Canals: An In 
Vitro Study". Acta Scientific Dental Sciences 8.5 (2024): 17-22.

https://pubmed.ncbi.nlm.nih.gov/21287219/
https://pubmed.ncbi.nlm.nih.gov/21287219/
https://pubmed.ncbi.nlm.nih.gov/21287219/
https://ijop.net/index.php/mlu/article/view/510
https://ijop.net/index.php/mlu/article/view/510
https://ijop.net/index.php/mlu/article/view/510
https://journals.lww.com/senj/fulltext/2020/10010/evaluation_of_temperature_rise_on_the_external.5.aspx
https://journals.lww.com/senj/fulltext/2020/10010/evaluation_of_temperature_rise_on_the_external.5.aspx
https://journals.lww.com/senj/fulltext/2020/10010/evaluation_of_temperature_rise_on_the_external.5.aspx
https://www.researchgate.net/publication/276511463_Thermal_Changes_in_the_Hard_Dental_Tissue_at_Diode_Laser_Root_Canal_Treatment
https://www.researchgate.net/publication/276511463_Thermal_Changes_in_the_Hard_Dental_Tissue_at_Diode_Laser_Root_Canal_Treatment
https://www.researchgate.net/publication/276511463_Thermal_Changes_in_the_Hard_Dental_Tissue_at_Diode_Laser_Root_Canal_Treatment
https://pubmed.ncbi.nlm.nih.gov/17320707/
https://pubmed.ncbi.nlm.nih.gov/17320707/
https://pubmed.ncbi.nlm.nih.gov/17320707/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4281974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4281974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4281974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4281974/
https://www.dentsupply.eu/products/woodpecker-laser-lx16
https://www.dentsupply.eu/products/woodpecker-laser-lx16
https://www.indiamart.com/proddetail/denlase-diode-laser-22247418597.html
https://www.indiamart.com/proddetail/denlase-diode-laser-22247418597.html
https://link.springer.com/article/10.1007/s10103-005-0347-9
https://link.springer.com/article/10.1007/s10103-005-0347-9
https://link.springer.com/article/10.1007/s10103-005-0347-9
https://www.amhsr.org/articles/applications-of-diode-lasers-in-periodontics-a-case-series.pdf
https://www.amhsr.org/articles/applications-of-diode-lasers-in-periodontics-a-case-series.pdf
https://www.amhsr.org/articles/applications-of-diode-lasers-in-periodontics-a-case-series.pdf
https://pubmed.ncbi.nlm.nih.gov/23756100/
https://pubmed.ncbi.nlm.nih.gov/23756100/
https://pubmed.ncbi.nlm.nih.gov/23756100/
https://pubmed.ncbi.nlm.nih.gov/17255986/
https://pubmed.ncbi.nlm.nih.gov/17255986/
https://www.sciepub.com/IJDSR/abstract/722
https://www.sciepub.com/IJDSR/abstract/722
https://www.sciepub.com/IJDSR/abstract/722
https://www.sciepub.com/IJDSR/abstract/722
https://pubmed.ncbi.nlm.nih.gov/23064946/
https://pubmed.ncbi.nlm.nih.gov/23064946/
https://pubmed.ncbi.nlm.nih.gov/23064946/
https://pubmed.ncbi.nlm.nih.gov/23064946/
https://pubmed.ncbi.nlm.nih.gov/12017429/
https://pubmed.ncbi.nlm.nih.gov/12017429/
https://pubmed.ncbi.nlm.nih.gov/12017429/
https://pubmed.ncbi.nlm.nih.gov/6576145/
https://pubmed.ncbi.nlm.nih.gov/6576145/
https://pubmed.ncbi.nlm.nih.gov/6576145/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6499556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6499556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6499556/
https://journals.lww.com/senj/fulltext/2018/08010/temperature_elevation_investigations_on_the.3.aspx
https://journals.lww.com/senj/fulltext/2018/08010/temperature_elevation_investigations_on_the.3.aspx
https://journals.lww.com/senj/fulltext/2018/08010/temperature_elevation_investigations_on_the.3.aspx
https://journals.lww.com/senj/fulltext/2018/08010/temperature_elevation_investigations_on_the.3.aspx

	_GoBack

